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Project Objective and Team

N=|NAToNAL A Objective is to develop a transformational sorbent
TL|Estnooey based on a metal-organic framework (MOF)
LABORATORY A 90+% capture efficiency of CO,
A 95% purity recovered CO, purity
A 30% lower costs than amine based systems with

RESEARCH

<$30 per tonne of CO,
WYOMING
M ITc INTEGRATED A Main Project Tasks
e T CENTER BP1 - Demonstrate sorbent
UNIVERSITY OF performance at the bench scale
D ALBERTA - Asses_s impact of flue gas
contaminants (SO,, NOx)
- Develop cycle sequence
- Preliminary TEA

Overall Project Duration _

A Start Date = June 1. 2019 BP2 - Scale-up so_rbent pro_c!ucﬂon

A ~ - Complete Life/Durability Tests

End Date = May 31, 2024 - Optimize adsorption cycles and

Budget update TEA

A Project Cost = $3,750,000 _ _

A DOE Share = $3.000.000 BP3 - Slipstream field tests (6 months)
A - High Fidelity TEA and EH&S

A TDA and its partners = $750,000 J Y
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Process Schematic
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Sorbent operates between 30-50°C under vacuum (0.2-0.3 atm)
A Commercially available vacuum equipment

Capability to achieve 99% CO, removal efficiency

High CO, selectivity results greater than 95% CO, product purity
A new reactor design to ensure low pressure drop and reduced parasitic

load

Similar technology can also be applied to NGCC applications, with higher
steam purge/energy penalty



CO,/N, Adsorption Isotherms
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Physical Parameter Units TDA's MOF Adsorbent
Base Improved
preparation preparation
BET Surface Area m?/g 200.8 526.6
Langmuir Surface Area | m®/g 246.4 618.2
Nanoparticle Size nm 29.9 113.9
Pore Volume cm°/g 0.134 0.342
Median Pore Width A 17.0 14 4

TDAMOF | Selectivity
Peoz (bar) COy/N,
0.05 9.32
0.1 16.29
0.15 22.92
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A High CO, uptake
A >2 mmol/g at 0.15 bar
A ~3 mmol/g for the modified version

14 A Very high selectivity towards CO, over

N,, which ensures a very high product

purity

A Over 95% without any downstream
purification needs

A Heat of adsorption of CO, is measured
as 11 kcal/mol at low surface coverage

and 8 kcal/mol at higher coverages

A Improvements in linker synthesis
results in very high CO, uptake
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Water Adsorption Isotherms
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Low pressure water isotherms are linear indicating that water easily
desorbs from the sorbent surface

No change in low pressure isotherm before and after water isotherm

measurements
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Pelletization of the MOF Sorbent
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A MOFs are difficult to pelletize or granulate

A Conventional powder compaction techniques
could potentially damage the MOF structure

A TDA developed a pill-pressing method that
results in pelletized sorbent to retain >95% of
their capacity when normalized based on

active MOF weight
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Scale-up of MOF Production
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A Scale-up from 1L to 22L flask and to 180L Hastelloy reactor in BP2

A BP1 evaluations have focused on iImproving synthesis parameters and
space-time yields while conserving raw materials (via recycle)
A Space yield improvements of 10-15X
A Time yield improvements of 5-8X

A MOF synthesis, Filtration/Rinsing, Drying/Devolatilization are all
sequentially carried out in the same reactor

A A classified area is designed and built to handle the equipment and solvents

required for MOF processing
, TOA
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Optimization of Space Time Yield

Room Temperature Synthesis
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A Space Yield was increased from <10 g/L to 75-80 g/L

A Synthesis time was reduced from 7 days to 1 day (24 h)

A We were able to increase the space time yield from <0.1 g/L/hr to

>3.0 g/L/hr

, TCA
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Sorbent Performance 1 Optimized

Preparation
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Reduced Preparation time of 24 hours was still able to provide a high yield
while retaining the CO, adsorption capacity (Sorbent performance)

, TCA
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Performance in Flow Experiments

5/15/20% CO, in N, at T = 30AC, GHSV = 2,400 h?,
30/50/65% RH Regen Purge gas: N,, Counter flows
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A A working capacity of 5+% wt. CO, at ~15% vol. CO,was demonstrated
A ~2.5% wt. CO, at 4% vol. CO,
A Temperature and humidity have limited impact on working capacity

A Higher temperatures lowered the working capacity
A No significant impact of humidity up to 65% II-A’
10 .
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Evaluation of Sorbent Life

5/15/20% CO, in N, at T = 30AC, GHSV = 2,400 h', 30/50/65% RH

Regen Purge gas: N,, Counter flows
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A A stable working capacity of 5.5% wt. CO, was demonstrated in counter flow
desorption under simulated coal flue gas conditions

. TCA
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Life Tests in Presence of Contaminants

15% CO, in N, at T = 30/45/60AC, GHSV = 1,000 h,
0-6% H,O - Regen Purge gas: N,, Counter flows
8%

A Stable working
capacity in the 7%
presence of flue gas
contaminants such 6%
as humidity, NOx /

Son o ’
and SOx =773 T=30°C
. L = T=30°C 100 ppm NOx, 10 ppm SO, T=30°C T=30°C
A High stability up to S 49 s #_ 500 ppm NOX, 20 ppm SO,
65% RH, 500 ppm & ’
NOXx, 50 ppm SOX ON3% et ’ 500/1To=030°C NO -
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: _ 0 ‘w after saturation  gp 50, aft
A~ Maximum ~20% 2% RS Taw wh cturation
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Impact of Contaminants

15% CO, in N, at T = 30/45/60AC, GHSV = 1,000 h', 0-6%
H,O - Regen Purge gas: N,, Counter flows

A Only <5% drop in e 100 ppm NOx 500 ppm 20-50 ppm after
working capacity was 100.0% 2 pI:m SOXO NO, SO, Si‘ﬁﬁ‘éﬁ"”
observed at 100 ppm ~ '%00% 2 I 9041% o s soauB00ppm 50 ppm
NOx and 10 ppm SOx £ NO, SO,

A At 500 ppm NOx and g soow 769% (g 78.0%
50 ppm SOx the ;‘\3
working capacity Z 60.0%
dropped by 10% %

A After saturating the g 40.0%
sorbent with 500 ppm
NOx or 50 ppm SOx 20.0%
the sorbent working
capacity dropped by 000 ||
~ 20% e TONONOSORSG 0 TONOr OO R0 RSO on)  saturation)  saturaton)

Contaminants
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Adsorption Cycle Modeling

CO, N
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A Initial modeling results from University of
Alberta shows simple cycle schemes
without addition of steam purge can get
close to DOE targets

A More advanced cycle schemes with
steam assisted VSA results in 95% CO,
purity with a CO, levels in flue gas as
low as 4% (NGCC simulation)



